(e) The SIM was applied to the agarose cryogel and the edge of the SIM was anchored to the pump by a glue. The evaporation rate can be expressed as follows:
where T is the absolute temperature of vapor, ( ) is the function of the contact angle of water vapor, [1, 2] and S is the area of the evaporative surface. The wettability of the evaporative surface, which is changed by temperature variation, determines the value of ( ) . The deformability of the SIM determines the area of the evaporative surface. Therefore, the total evaporation rate on the SIM surface exhibits combined changes with respect to T, ( ), and S as temperature changes. For instance, the evaporation rate can be estimated as ~ 0.69 •
• exp(0.0557 • ) at temperatures lower than LCST when the LC SIM is applied to the pump. At temperatures higher than LCST, the evaporation rate is ~ 0.72 • • exp(0.0557 • ), where denotes the total surface area of the SIM.
The evaporation rate on the surface of the SIM can be expressed as follows:
(eq 2), [3] where D is the diffusivity of vapor at ambient temperature, a is the radius of the bounding circle, M is the molecular mass of vapor molecules, H is the relative humidity, and c( ) and c( ) are the saturated water vapor molar concentration in air at the liquid-gas interface and ambient, respectively.
According to ideal gas law, the saturated vapor concentration follows the relationship of 
Effect of temperature on evaporation rate
From (eq.2), by assuming that all other factors are constant, the evaporation rate is exponentially increased as temperature increases.
Effect of relative humidity on evaporation rate
From (eq.2), by assuming that all other factors are constant, the evaporation rate is linearly decreased as relative humidity is decreased, where = −2 * .
Thermo-controlled pumping procedure of the micropump
The pumping rate of the pump is affected by the combined effect of water evaporation and swelling/deswelling features of the material composing the SIM. Therefore, we divided the evaporation of water in the SIM and the pumping of water from reservoir into four stages based on the variation and duration of temperature. When the temperature is higher than LCST, the pumping rate has a relationship with evaporation rate and water extrusion from the SIM as below.
where t is the duration time during which the temperature is higher than 33℃, and is the water extrusion rate from the SIM. Following the relations explained in supporting information 1.1, evaporation rate, , is the function of temperature T. As the water extruded from the SIM is absorbed at the MAC, increases with reducing ∆ between the MAC and the water reservoir. When the total evaporation from the pump exceeds the water extrusion from the SIM, the flow rate of the pump is smaller than the evaporation rate.
iii. T > 33℃, (3 rd stage)
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When the temperature is maintained higher than 33℃, all of the absorbed water from THE SIM evaporates. Thus, the pumping rate and the evaporation rate become almost the same once again as When the temperature is decreased lower than 33℃, the pumping rate has a following relationship for the evaporation rate and water absorption by the SIM. where t is the duration time during which the temperature is lower than 33℃, and is the water absorption rate of the SIM. As temperature decreases lower than LCST, the SIM becomes to have hydrophilic feature and absorbs water. Therefore, the pumping flow rate of water is the sum of the evaporation flow rate and the water absorption rate of the SIM.
